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[57] ABSTRACT 

Cylinder head (81) of a hydraulic lift cylinder (39) includes 
a ?uid input port (74) and ?rst ?uid output port (75) to be 
connected respectively to a pump (46) and to a power 
steering mechanism (40). These ports preferably open at one 
and the other side surfaces of the head. The head further 
includes a second ?uid output port (83) and ?uid inlet port 
(84) which open at a front surface of the head. These ports 
are connected through an inside of a cover member (49a, 
50a; 201; 250a) detachably mounted on the front surface of 
head. The head includes therein a ?ow divider (47) which 
divides in?ow of the input port into ?rst and second ?ows 
directed respectively to the ?rst and second output ports. 
Fluid returned into the inlet port is directed towards a ?rst 
control valve assembly (48) for the lift cylinder. A second 
control valve assembly (49; 250) for an auxiliary implement 
can be provided using the cover member as its valve housing 
with remaining ?uid pipings to the input and ?rst output 
ports unchanged. A third control valve assembly (50) can 
further be provided by mounting it on an upper surface on 
the second assembly. 

11 Claims, 16 Drawing Sheets 
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FLUID SUPPLY ASSEMBLY FOR WORKING 
VEHICLES 

FIELD OF THE INVENTION 

This invention relates to a ?uid supply assembly for use 
in a working vehicle which comprises a hydraulic lift 
mechanism for lifting and lowering an auxiliary implement 
to be connected liftably to the vehicle, a control valve 
assembly mounted on a cylinder case of the hydraulic lift 
mechanism for controlling supply of ?uid to a lift cylinder 
of the lift mechanism, and a power steering mechanism for 
steering the vehicle. 

BACKGROUND OF THE INVENTION 

A well-calculated ?uid supply assembly of this purpose is 
disclosed in U.S. Pat. No. 4,643,442. In this prior an 
assembly, the cylinder head of a cylinder case of the 
hydraulic lift cylinder includes at its front surface a vertical 
seating surface on which one or more control valve assem 
blies for ?uid-operated auxiliary implememts are mounted. 
For meeting the circumstances that the number of auxiliary 
implements to be equipped is often changed in accordance 
with a speci?c design of the working vehicle, the control 
valve assemblies are fashioned as a stack valve in which 
control valve assemblies of the number corresponding to 
that of auxiliary implements are successively integrated on 
the front of the cylinder head such that ?uid output ports of 
the valve assemblies open upwards. A cover is attached to 
the front of such one or more control valve assemblies. This 
cover includes a ?uid input port to be connected to a 
hydraulic pump and a ?uid output port to be connected to a 
power steering mechanism such that these ports open for 
wards. The cover further includes a ?ow divider which 
divides in?ow supplied to the ?uid input port into two ?ows 
so that ?uid supplied by a single pump can be used for 
operating the power steering mechanism and for operating 
?uid-operated auxiliary implements and hydraulic lift cyl 
inder. One of the output ?ows of the ?ow divider is directed 
to the ?uid output port for the power steering mechanism, 
while the other output ?ow of the ?ow divider is directed 
into the control valve assemblies. The latter output ?ow is 
further directed into the cylinder head and then to the control 
valve assembly for the hydraulic lift cylinder. 

In this ?uid supply assembly, the cylinder head of hydrau 
lic lift cylinder is skillfully used for the purpose of providing 
valves for operating three or more ?uid-operated devices 
including hydraulic lift cylinder and power steering mecha 
nism by ?uid fed by a single pump in a compact fashion. 
However, there remain certain problems. 

Firstly, the ?uid supply assembly set forth above is 
fashioned on the assumption that a working vehicle is 
necessarily equipped not only with an auxiliary implement, 
such as a rotary tiller or rear-mount mower, to be connected 
liftably to and to be drawn by the vehicle but also with at 
least one more auxiliary implement such as a front loader, 
snow-removing implement or bulldozing implement to be 
eqipped at a front of the vehicle or mid-mount mower. 
However, some working vehicles are of a design in which 
only an auxiliary implement to be connected liftably to the 
vehicle is to be equipped. The ?uid supply assembly set forth 
above does not permit employment of valves of a same 
fundamental structure also in such vehicles for enhancing 
economy. 
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Secondly, the cover including two ?uid ports set forth 

above is shifted in position in a londitudinal direction of the 
vehicle when the number of control valve assemblies is 
changed in accordance with a change in number of ?uid 
operated auxiliary implements. Consequently, positions of 
the ?uid input port to be connected to a pump and ?uid 
output port to be connected to a power steering mechanism 
are also changed in the same direction. From this, ?uid 
pipings of different designs are required even between 
vehicles which are identical with one another in the vehicle 
structure itself and are different only in number of ?uid 
operated auxiliary implements to be equipped. 

Further, valve assemblies integrated successively in the 
longitudinal direction of the vehicle will require to disas 
semble all of them even when one of them is exchanged for 
another one or even when one valve assembly is added or 
removed. In addition, although the ?uid output ports of 
valve assemblies opening upwards and pipings connected 
thereto are well covered or protected by a seat which is 
usually disposed above a rear portion of a working vehicle, 
metal pipes generally used for such ?uid pipings will require 
a certain vertical interval between the valve assemblies and 
seat so that level of the seat will sometimes be heightened 
unduly for a working vehicle used in orchards or the like. 

Accordingly, a primary object of the present invention is 
to provide a novel ?uid supply assembly having a funda 
mental structure which makes the assembly applicable also 
to a working vehicle to be equipped with only an auxiliary 
implement to be connected liftably to the vehicle. 
An attendant object of the invention is to provide a novel 

?uid supply assembly which assures a compactness of the 
assembly. 

Another attendant object is to provide a ?uid supply 
assembly into which a control valve means for a ?uid 
operated auxiliary implement can be incorporated with ease 
while permitting use of pipings of the same design for 
feeding ?uid from a pump to the assembly and for supplying 
?uid from the assembly to a power steering mechanism. 
A further object of the present invention is to provide a 

?uid supply assembly in which a control valve means is 
arranged in a way not requiring an undue heightening of a 
seat. 

A still further object of the invention is to provide a ?uid 
supply assembly to which, in addition to a control valve 
means for a ?uid-operated auxiliary implement, one or more 
control valve means can be added with ease. 

SUMMARY OF THE INVENTION 

The present invention relates to a ?uid supply assembly 
for use in a working vehicle comprising a hydraulic lift 
mechanism for lifting and lowering an auxiliary implement 
to be connected liftably to the vehicle, a control valve 
assembly mounted on a cylinder case of the lift mechanism 
for cotrolling supply of ?uid to lift cylinder of this mecha 
nism, and a power steering mechanism for steering the 
vehicle. 

According to the present invention, cylinder head of the 
cylinder case set forth above includes a ?uid input port 
which opens at an outer surface of the head, and a ?ow 

_ divider which divides in?ow supplied to the ?uid input port 
into two divided ?ows. The head further includes a ?rst ?uid 
output port which opens at an outer surface of the head for 
supplying one of the divided ?ows to the power steering 
mechanism. Cylinder head further includes a second ?uid 
output port for taking-out the other divided ?ow and a ?uid 



3 
inlet port for directing ?uid ?ow towards the control valve 
assembly for the lift cylinder. These two ports open at a front 
surface of the head and are connected through ?uid passage 
means within a cover member which is detachably mounted 
on the front surface of cylinder head. 

In this fundamental structure that a divided ?uid ?ow 
from the ?ow divider is to be taken out through the second 
?uid output port and is returned again through the cover 
member and through the ?uid inlet port into the cylinder 
head, a control valve assembly for a ?uid-operated auxiliary 
implement can be additionally provided by using the cover 
member as a valve housing for such control valve assembly. 
That is, while a cover member which includes in it only a 
?uid passage for connecting between the second ?uid output 
port and ?uid inlet port may be satisfactorily employed for 
a ?uid supply assembly for use in working vehicles of a 
design which is to be equipped with only an auxiliary 
implement to be connected liftably to the vehicle, a cover 
member in which a valve or valves composing a control 
valve assembly is housed is employed for a ?uid supply 
assembly for use in working vehicles of a design which is to 
be equipped with a ?uid-operated auxiliary implement in 
addition to an auxiliary implement to be connected liftably 
to the vehicle. In these two ?uid supply assemblies, the 
positions of the ?uid input port to be connected to a pump 
and ?rst ?uid output port to be connected to a power steering 
mechanism are identical because these two ports are formed 
in the cylinder head. Consequently, ?uid pipings of the same 
design can be used between vehicles of the two designs for 
connecting the ?uid supply assembly to a pump and to a 
power steering mechanism. It is preferred to form a vertical 
seating surface in the front surface of cylinder head for 
mounting the cover member, because a horizontal posture is 
given to the cover member by such vertical seating surface 
so that a horizontal posture is given also to a control valve 
assembly provided using such cover member as a valve 
housing whereby the control valve assembly is disposed 
within a room before the cylinder head without occupying 
any excessive space. 

As outer surfaces of the clyinder head at which the ?uid 
input port and ?rst ?uid output port are to open respectively, 
a side surface or side surfaces is/are preferred because of an 
easiness of piping to these ports. One and the other side 
surfaces are preferably selected as such'surfaces because an 
interference between pipings to be connected to the two 
ports can be avoided with ease. 

For avoiding an enlargement of the cylinder head in 
thickness so as to assure a compactness of the ?uid supply 
assembly, it is preferred to dispose the ?ow divider within 
the cylinder head such that the divider extends laterally of 
the head. In such a structure, the ?uid input port and ?rst 
?uid output port are preferably disposed such that these 
ports opens at one and the other side surfaces of the head 
along an axial direction of the ?ow divider. In this case, a 
thorough bore across the head can be formed in the head for 
accomodating the divider such that the two ports are pro 
vided by one and the other ends of this bore. 

Arelief valve for determining ?uid pressure in the second 
?uid output port is preferably disposed within the cylinder 
head such that the relief valve is located apart from the ?ow 

' divider in a vertical direction and extends parallel with the 
?ow divider. This arrangement of the relief valve cotributes 
also to avoiding an enlargement of the cylinder head in 
thickness. 
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4 
In a ?uid supply assembly in which a control valve 

assembly for a ?uid-operated auxiliary implement is 
mounted on the front surface of cylinder head, ?uid output 
port or ports of this control valve assembly is/are preferably 
disposed so as to open at a front surface of the cover member 
constituting a valve housing of the valve assembly and to 
thereby keep the level of a seat low. Such arrangement of 
?uid output port(s) cannot be adopted in the prior art 
assembly disclosed in the aforecited U.S. patent because a 
cover attached to the front of a control valve assembly 
includes a ?uid input port to be connected to a pump, a ?uid 
output port to be connected to a power steering mechanism, 
and a ?ow divider. Contrary to this, corresponding two ports 
and ?ow divider are included, in the ?uid supply assembly 
according to the present invention,‘ in the cylinder head so 
that ?uid output port(s) of the control valve assembly may 
open forwards, as described above. 
An additional control valve assembly for an additional 

?uid-operated auxiliary implement is preferably provided 
such that a separate valve housing of this valve assembly is 
detachably mounted on an upper surface of the cover 
member and such that ?uid output port or ports of this 
additional valve assembly open(s) at a front surface of the 
valve housing thereof. According to this structure, the addi 
tional control valve assembly can be employed or incorpo 
rated while the control valve assembly mounted on the front 
of cylinder head and ?uid piping therefor remain unchanged. 
So far as a room remains above this additional control valve 
assembly, a further additional control valve assembly can be 
provided on the additional valve assembly in a similar 
fashion. 

Although several preferred embodiments will be 
described in which a hydraulic lift mechanism is mounted on 
a rear portion of vehicle, the present invention is applicable 
also to a vehicle having a hydraulic lift mechanism mounted 
on a fronter portion thereof for lifting and lowering an 
auxiliary implement to be connected liftably to a front of the 
vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention and its attendant advantages will 
become more readily apparent as the speci?cation is con 
sidered in conjunction with the accompanying drawings in 
which: ' 

FIG. 1 is a schematic side view, partially cut-away, of a 
working vehicle in which a ?rst embodiment of the ?uid 
supply assembly according to the present invention is 
employed; 

FIG. 2 is a schematic view showing hydraulic circuits 
provided in the vehicle shown in FIG. 1; 

FIG. 3 is a plane view showing a hydraulic lift mechanism 
and control valve assemblies employed in the vehicle shown 
in FIG. 1; 

FIG. 4 is a side view, partially in section, of the hydraulic 
lift mechanism and control valve assemblies shown in FIG. 
3; 

FIG. 5 is an enlarged sectional side view of a part of FIG. 
4; 

FIG. 6 is a sectional view taken generally along line 
VI—VI of FIG. 5; 

FIG. 7 is a sectional plane view, partially developed, of a 
cylinder head and control valve assembly shown in FIG. 5; 

FIG. 8 is a sectional plane view similar to FIG. 7 but 
illustrating a cross-section di?'erent from that shown in FIG. 
7; 
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FIG. 9 is a sectional view taken along line IX—IX of FIG. 
5; 

FIG. 10 is a sectional view taken along line X—-X of FIG. 
5; 

FIG. 11 is a sectional view taken generally along line 
XI—XI of FIG. 3; 

FIG. 12 is a sectional view taken generally along line 
XII~XII of FIG. 11; 

FIG. 13 is a plane view, partially in section, of the cylinder 
head and control valve assemblies shown in FIG. 5; 

FIG. 14 is a sectional view taken along line XIV-XIV of 
FIG. 5; 

FIG. 15 is a sectional view similar to FIG. 5 but showing 
a second embodiment of the present invention; 

FIG. 16 is a side view, partially in section, showing a third 
embodiment of the present invention; and 

FIG. 17 is a side view, partially in section, showing a 
fourth embodiment of the present invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIGS. 1 to 14 show a ?rst preferred embodiment of the 
?uid supply assembly according to the present invention 
which is employed in a tractor-fashioned vehicle shown in 
FIG. 1. 

As shown in FIG. 1, an engine 20 is mounted on a front 
portion of the vehicle frame. On a rear portion of the vehicle 
frame, there are mounted a hydrostatic transmission 21 and 
a transmission casing 22 which are in an overlapped rela 
tionship with each other in a longitudinal direction of the 
vehicle. A transmission shaft 23 is provided for transmitting 
power from engine 20 to the hydrostatic transmission 21, 
and another transmission shaft 25 is provided for transmit 
ting power from the inside of the transmission casing 22 
towards front wheels 24. The vehicle is traveled by driving 
rear wheels 26 and, when required, front wheels 24 with a 
variable speed which may be controlled by the hydrostatic 
transmission 21 and by a transmission mechanism (not 
shown) in the transmission casing 22. 
The vehicle shown is fashioned such that it may be 

equipped with a front loader 27 shown in FIG. 1 at a front 
of the vehicle, a mid-mount mower 28 also shown in FIG. 
1 at an underside of the vehicle and between the front and 
rear wheels 24 and 26, and another auxiliary implement such 
as a rotary tiller, grass collector or the like (not shown) at a 
rear of the vehicle. For operating the front loader 27, a 
hydraulic mechanism is provided as will be detailed later. 
For driving the mower 28, a mid-PTO shaft 30 is provided 
which extends forwardly from the inside of the transmission 
casing 22 and is adapted to transmit power into a gear box 
28a of the mower 28 through a transmission shaft 29. For 
driving an auxiliary implement to be drawn by the vehicle, 
a rear-PTO shaft 31 is provided which extends rearwardly 
from the inside of the transmission casing 22. 

For lifting and lowering an auxiliary implement to be 
drawn by the vehicle, a hydraulic lift mechanism having left 
and right lift arms 32 is mounted on a top of the transmission I 
casing 22. A seat 34 is located above a cylinder case 33 of 
the lift mechanism, and a steering wheel 35 is located before 
the seat 34. The vehicle is steered by operating the steering 
wheel 35 so as to turn left and right front wheels 24 through 
a power steering mechanism which will be detailed later. 
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FIG. 2 illustrates hydraulic circuits provided in the 

vehicle shown in FIG. 1. As hydraulic actuator means for 
operating front loader 27 shown in FIG. 1, there are provided 
a lift cylinder 36 for lifting and lowering a bucket 27a 
through a pair of lift arms 27b (both shown in FIG. 1) and 
a tilt cylinder 37 for tilting the bucket 27a through link 
means 270 shown in FIG. 1. Mower 28 shown in FIG. 1 is 
supported by the vehicle frame through a link mechanism 
(not shown) such that it may be moved between a lower 
operative position and an upper non-operative position by 
means of a mower-lift cylinder 38 shown in FIG. 2. These 
hydraulic cylinders are fashioned to double-acting ones, as 
shown in FIG. 2. A single-acting mower-lift cylinder may be 
employed in place of the mower-lift cylinder 38 shown. 
As is usual, the hydraulic lift mechanism comprises a 

single~acting lift cylinder 39 shown in FIG. 2. As is also 
usual, power steering mechanism 40 comprises a metering 
motor 41 and a power cylinder 42. In FIG. 2, numeral 43 
designates an actuating cylinder for a ?uid-operated PTO 
clutch (not shown) which is disposed within the transmis 
sion casing 22 and is incorporated in a power take-o?’ 
transmission line (not shown) for transmitting power to the 
PTO shafts 30 and 31 shown in FIG. 1. The PTO-clutch 
referred to above is associated with a brake (not shown) for 
braking the driven side of the clutch at a disengaged con 
dition of this clutch, and such brake is disactuated by a 
hydraulic cylinder 44 shown in FIG. 2. 

Fluid to be supplied to the various hydraulic actuators 
referred to above is accomodated within the transmission 
casing 22 using this casing also as a ?uid tank 45 shown in 
FIG. 2. As shown in FIG. 2, a hydraulic pump 46 driven by 
engine 20 is provided for supplying ?uid from the tank 45. 
Output port of this pump 46 is connected to a ?ow divider 
47 which divides the output ?ow of pump 46 into two ?ows. 
It is fashioned that one of such divided ?ows is directed 
towards the metering motor 41 and power cylinder 42 of the 
power steering mechanism 40 and then towards the hydrau 
lic cylinders 43 and 44 within the transmission casing, 
whereas the other divided ?ow is directed towards the lift 
cylinder 36, tilt cylinder 37 and mower-lift cylinder 38 and 
then towards the hydraulic lift cylinder 39. 
As also shown in FIG. 2, there are provided a ?rst control 

valve assembly 48 for controlling supply of ?uid to the 
hydraulic lift cylinder 39, a second control valve assembly 
49 to controlling supply of ?uid to the lift cylinder 36 and 
tilt cylinder 37, and a third control valve assembly 50 for 
controlling supply of ?uid to the mower-lift cylinder 38. It 
is fashioned that one of the divided ?ows is supplied to the 
second and third control valve assemblies 49 and 50 and 
then, through these valve assemblies, to the ?rst control 
valve assembly 48. A ?nal valve mechanism 51 is disposed 
between the ?rst control valve assembly 48 and hydraulic 
lift cylinder 39 and comprises a stop valve 52 for selectively 
stopping supply and drainage of ?uid in respect to the 
hydraulic lift cylinder 39 by closing ?uid path communi 
cated with this cylinder 39, slow-return valve means includ 
ing a check valve 53 for a quick supply of ?uid to the 
cylinder 39 and an adjustable area throttle 54 connected in 
parallel with the check valve 53 for a slow drainage of ?uid 
from the cylinder 39, and an overload-relief valve 55 for 
avoiding application of an excessive ?uid pressure to the 
cylinder 39. 
As is usual, the ?rst control valve assembly 48 includes a 

directional control valve 56 for controlling supply and 
drainage of ?uid in respect to the hydraulic lift cylinder 39, 
an unloader valve 57 for unloading ?uid supplied under 
pressure from the hydraulic pump 46 with a low pressure at 
neutral position N and implement-lowering position D of the 












